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WEB PAGE COMMUNICATIONS USING PARAMETERS AND EVENTS 
RELATED APPLICATION AND CLAIM OF PRIORITY 

[0001] This application claims benefit of U.S. Provisional Application entitled "Web 
Page Communications Using Parameters and Events", No. 60/430,525, filed December 2, 
2002. The entire contents of this prior application are hereby incorporated by reference in its 
entirety for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to communications between web pages and 
components associated with web pages. 

BACKGROUND OF THE INVENTION 

[0003] Frequently, a single web page will contain numerous components, with different 
types of information in each of the components. For example, a web page for a particular 
stock may contain a table with the stock's current price, a graph of the stock's previous 
prices, and news for the company selling the stock. Frequently, the components of a web 
page are generated by services provided by parties other than the party that designs the web 
page. For example, the service of generating current stock price tables may be provided by 
one third party, and the service of generating the graph of stock prices may be provided by 
yet another third party. 

[0004] The code used to provide services that generate web page components is referred 
to as a "portlet". The party that designs a portlet is referred to herein as the portlet developer. 
To add value to their services, portlet developers frequently design their portlets to include 
tools that allow users to customize the components that are generated by their portlets. For 
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example, the provider of a portlet that generates the current stock price table may provide a 
tool that allows the user to perform customization, such as changing the stock for which 
price information is displayed, changing the color of the chart, changing the size of the chart, 
etc. 

[0005] Page designers decide how pages will look and what information is to be 
displayed on the pages. The page designers select the best portlets to build the type of page 
they desire. However, the page designers are dependent on portlet developers to create 
portlets that have the characteristics the page designers need. Further, the portlets used in 
building a particular page may be developed by many different portlet developers residing in 
many different locations, and may be developed across a large time span. 
[0006] The fact that a web page includes components generated by portlets provided by 
third parties may have a detrimental effect on the experience of the web page user. For 
example, assume that a user wants to see stock information for a different stock than is 
currently displayed on a web page. Because the portlets are provided by different parties, the 
web page user would typically have to separately customize each component on the web 
page using whatever customization tool that is built into the corresponding portlet. 
[0007] This approach has numerous disadvantages. Not only does this approach require 
the user to individually customize each portlet (referred to hereinafter as "portlet level 
customization") on the web page, but this approach also requires the user to know how to 
customize the portlets. The process of customizing the portlets may be confusing to a user 
because the user interface provided for portlet customization may differ for each of the 
various components on the web page. 

[0008] Further, this approach has disadvantages for the page designers and for the portlet 
developers. Specifically, while the web page designer would typically prefer to have more 
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control over the user-specific customization of the web pages that they are designing, the 
user-specific customization of components is handled by the portlets. On the other hand, 
portlet designers would generally prefer not to have the responsibility of managing all of the 
user-specific customizations of the components their portlet is generating. 
[0009] Typically, when a user specifies a customization using a portlet's customization 
tool, the customization is stored so that, in future requests by the same user, the component 
generated by the portlet will continue to reflect the customization. However, some portlets 
are designed to handle "one-time" customizations that are specified in the URL associated 
with the portlet. Specifically, one or more parameter values may be appended to a URL that 
requests a service provided by a portlet. The URL may be parsed by a portlet to extract the 
parameter values, and the portlet may generate a component that is customized based on the 
parameter values thus extracted. However, this approach requires the portlets to parse the 
URL for parameters. Not only is parsing the user-specified URL cumbersome, but this 
approach incurs the same disadvantages already described in building portlets. Further, this 
approach requires a user to re-enter the same customized URL every time the user wants to 
see the same customized component. 

[0010] Frequently web pages have links to other web pages. When users manipulate a 
user interface object that corresponds to a link, a request is sent to retrieve the web page 
specified in the link. These links are static in that the URL of the particular web page to 
which they correspond is hard-coded into the link. 

[0011] Components that are generated by portlets may also include static links. For 
example, a web page used for tracking software bugs may contain a portlet with a list of 
static links, where each static link corresponds to a web page describing a particular bug. A 
page designer may want a portlet with similar capabilities, but where the portlet would 
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display a different set of bugs, or even bugs for a different product. However, since the links 
are static and hard-coded into the portlet, a portlet developer would have to develop a new 
portlet to address the needs of the page designer. 

[0012] Typically, when a user interacts with a component on a page, where the 
component is provided by a third-party portlet, the response to the interaction is determined 
entirely by the portlet. Under many circumstances, a page designer would prefer to have 
more control over the user experience, including having the ability to specify how the web 
page responds to user interactions with components provided by third-party portlets. 
[0013] As it can be seen, there is a need to facilitate user-customization of web pages that 
include components generated by portlets. In addition, there is a need to allow a designer of 
a web page to specify actions that will be performed in response to user interaction with 
components, designed by third-parties, that are included in the web page. 
[0014] The approaches described in this section are approaches that could be pursued, 
but not necessarily approaches that have been previously conceived or pursued. Therefore, 
unless otherwise indicated, it should not be assumed that any of the approaches described in 
this section qualify as prior art merely by virtue of their inclusion in this section. , 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings and in which like reference numerals 
refer to similar elements and in which: 

[0016] FIG. 1 is a block diagram that illustrates an overview of a system that may be 
used to pass parameter values from pages to components, and to pass events from 
components to page logic; 

[0017] FIG. 2 is a block diagram illustrating an overview of how parameters may be 

passed from a page to the portlets associated with components of the page; 

[0018] FIGS. 3 A and 3B depict a generalized user interface that may be used for 

specifying a mapping between page parameters and portlet parameters; 

[0019] FIG. 4 is a block diagram illustrating an overview of how events may be passed 

from portlets to page logic; 

[0020] FIG 5 depicts a generalized user interface that may be used for specifying an 
event-to-action mapping; and 

[0021] FIG. 6 is a block diagram that illustrates a computer system upon which an 
embodiment of the invention may be implemented. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] A method and apparatus for communicating between components associated with 
a web page and for communicating between a web page and a service is described. In the 
following description, for the purposes of explanation, numerous specific details are set forth 
in order to provide a thorough understanding of the present invention. It will be apparent, 
however, that the present invention may be practiced without these specific details. In other 
instances, well-known structures and devices are shown in block diagram form in order to 
avoid unnecessarily obscuring the present invention. 

FUNCTIONAL OVERVIEW 
[0023] According to one embodiment, techniques are provided that allow 
communications with components associated with a page in order to synchronize the display 
of the components. For example, a particular value, such as a company name, may be used 
to determine how to display one or more components in a page. A company name, such as 
IBM, may be passed as a parameter from the web page to both a current stock price 
component and a graph component of the stock's previous prices. "Portlet parameters", 
which shall be described in greater detail hereinafter, are used to facilitate the passing of 
values from web pages to portlets. For example, the value "IBM" may be passed to portlets 
to cause the portlets to respectively display the current stock price for IBM and a graph for 
IBM's previous prices. 

[0024] According to one embodiment, a parameter is established for the page (referred to 
hereinafter as a "page parameter"). The page parameter may be mapped to a portlet 
parameter of each of the portlets. The value associated with the page parameter is passed to 
each of the portlets, as the value for the portlet parameters to which it was mapped. All of 
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the portlets that receive the value generate components for the page that are customized 
based on the value, thus, synchronizing the display of the components in the page. 
[0025] When passing values to portlets, the mapping is inspected to determine which 
portlet parameters will receive a value from the page parameter. For example, a page 
parameter may have a value of "IBM". The page parameter may be mapped to a portlet 
parameter for the current stock price component and to a portlet parameter for the graph 
component. This mapping is used to determine that the value "IBM" from the page 
parameter should be passed as both the portlet parameter associated with the current stock 
price component and the portlet parameter associated with the graph component. The 
portlets use the "IBM" values, passed as the portlet parameters, to display "IBM" versions of 
the components. 

[0026] According to one embodiment, techniques are provided for mapping an event, 
which was generated in response to a user manipulating a component in a page, to the 
performance of an action. The page designer of the page that contains the component, rather 
than the portlet designer, may dictate the action to be performed. According to one 
embodiment, the action results in the invocation of a second page. For example, when a user 
manipulates a user interface object associated with a particular component of the first page, 
the portlet for the particular component generates an event. Logic associated with the page 
intercepts the event, inspects a mapping to determine that the event maps to the second page, 
and causes the second page to be displayed. According to one embodiment, values 
associated with the event are communicated to the second web page. A mapping between the 
values associated with the event and the page parameters of the second page is inspected to 
determine that values associated with the event should be passed to the page parameters of 
the second page. 
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STRUCTURAL OVERVIEW 
[0027] FIG. 1 is a block diagram that illustrates an overview of a system that may be 
used to pass parameter values from pages to components, and to pass events from 
components to page logic. System 100 comprises pages A, B, and C, a portlet and mapping 
repository 140, providers 120A and 120B, and portlets A, B, and C. The portlet and mapping 
repository 140 comprises a parameter mapping 141, an event mapping 142, and a portlet 
repository 143. 

[0028] An interface is provided for registering portlets with the portlet and mapping 
repository 140. As a result of registering portlets, information is stored in the portlet 
repository 143 which comprises, among other things, data that identifies portlets, the portlet 
parameters used by the portlets, and events generated by the portlets. For example, portlet 
repository 143 includes information, which reflects that portlet parameter portAj)l is 
associated with portlet A. 

[0029] According to one embodiment, page designers map portlet parameters to the page 
parameters associated with a page, and this mapping is used to determine which values the 
page communicates to portlets. For example, parameter mapping 141 maps portlet parameter 
portA_pl to page parameter pageA_pl, as will be described in more detail. 
[0030] According to one embodiment, events raised by portlets are mapped to actions, 
where the actions are performed by the page logic when the events occur. For example, an 
action to which an event may be mapped may involve requesting a particular web page. The 
event mapping 142 maps events, which are raised while manipulating a component 
associated with a particular portlet of a page (referred to hereinafter as a "source page"), to 
an action. According to one embodiment, the event mapping 142 also maps parameter names 
associated with values that the event outputs (referred to hereinafter as "event output 
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parameters") to parameters that are used in performing the action (referred to hereinafter as 
"target parameters"). In some situations, performing the action results in the invocation of a 
target service, such as the invocation of a page (referred to hereinafter as a "target page") and 
the target parameters are page parameters associated with that target page. As an example, 
event mapping 142 maps eventC, which may be raised as a result of a user manipulating a 
component in page C, to the invocation of page B and maps event output parameter 
eventC_pl to page parameter pageB_pl, as will be described in more detail hereafter. 

PASSING PARAMETER VALUES TO COMPONENTS 
[0031] FIG. 2 is a block diagram illustrating an overview of how parameters may be 
passed from a page to the portlets associated with components of the page. FIG. 2 depicts a 
web page, "My Bugs Page" with two portlets ("Bugs Portlet 1" and "Bugs Portlet 2") that are 
used in displaying the page, a page level customization mechanism, a page parameter 
("prod") and portlet parameters ("prod-id", "product", and "status"). 
[0032] According to one embodiment, there are three ways of assigning a value to the 
page parameter "prod". The first is through a parameter associated with a URL (referred to 
hereinafter as a "URL page parameter value"). For example, the URL has a parameter 
"prod=45", which results in the page parameter "prod" being assigned a value of 45. 
Standard URL syntax may be used for specifying the parameter on the URL. The second is 
by assigning a default value (referred to hereinafter as a "default page parameter value"). 
Typically, the default page parameter value is established by the page designer at the time the 
page is designed. For example, the page parameter "prod" may be assigned a default value 
of 96. The third is through the page level customization mechanism (referred to hereinafter 
as a "customized page parameter value"). Typically, customized web page parameter values 
are specified by a user of the page. For example, a user may use a page level customization 
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mechanism associated with the page "My Bugs Page" to assign a value of 159 to the page 
parameter "prod". Lastly, the portlet itself can specify the value of 53 for a portlet parameter 
(referred to hereinafter as a "portlet specified value"). For example, portlet "Bugs Portlet 1" 
may specify a value for the portlet parameter "prod-id". 

[0033] According to one embodiment, page parameters are mapped to portlet parameters. 
Typically, this mapping will be specified by the page designer using a generalized user 
interface, such as that shown in FIG. 3B. For example, in FIG. 2, the page parameter "prod" 
is mapped to the portlet parameters "prod-id" and "product". Since "Bugs Portlet 1" and 
"Bugs Portlet 2" both receive the same value associated with "prod", a user does not need to 
manually synchronize the components associated with these portlets via portlet level 
customization mechanisms. Rather, a single change in the page parameter using the page 
level customization tool automatically affects all components that are associated with portlets 
that have portlet parameters to which the page parameter is mapped. Further, the value 
associated with "prod" may be stored in non- volatile memory. The next time a user displays 
"My Bugs Page", this value is retrieved from non-volatile memory and passed to "prod-id" 
and "product", thus, synchronizing the portlets when "My Bugs Page" is re-displayed. 
[0034] Instead of using the mapping of page parameters to portlet parameters to assign 
values, constants may be assigned to portlet parameters. For example, the portlet parameter 
"status" is assigned a constant value of 1 1 . 

[0035] According to one embodiment, an override hierarchy is used to determine which 
value is actually passed from the page to a portlet as a portlet parameter. According to one 
embodiment, the override hierarchy's precedence of assigning values to a page parameter is 
as follows: URL page parameter value, customized page parameter value, and default page 
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parameter value. Lastly, a particular portlet parameter may be assigned a portlet specified 
value. 

[0036] For example, if both a customized page parameter value and a URL page 
parameter value are specified, then the URL page parameter value is assigned to the page 
parameter. In other words, the page parameter "prod" would be assigned the value of 45 
instead of the value of 159. To continue the example, if a URL page parameter value is not 
specified but both a default page parameter value and a customized page parameter value are 
specified, then the customized page parameter value is assigned to the page parameter. In 
other words, the page parameter "prod" is assigned the value of 159 instead of the value of 
96. Further, if neither a URL page parameter value nor a customized page parameter value 
are specified, but a default page parameter value and a portlet specified value are specified, 
then the default page parameter value is assigned to the page parameter. In other words, the 
page parameter "prod" is assigned the value of 96 from the default page parameter value. If 
the portlet parameter "prod-id" has a portlet specified value of 230, "prod-id" will be 
assigned the value of 96 from "prod", overriding the value of 230. 
[0037] The value that is ultimately assigned to the page parameter "prod" is then 
assigned to the portlet parameters that "prod" maps to. For example, the value assigned to 
"prod" is assigned to "prod-id" and "product". If no values are specified for the page 
parameter (e.g., URL page parameter value, default page parameter value, and customize 
page parameter value are not specified), then a portlet specified value is assigned to the 
portlet parameter. For example, if the portlet "Bugs Portlet 1" specifies a value of 230 for 
prod-id, and no values were specified for the page parameter "prod", then prod-id is assigned 
the value of 230. 
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GENERALIZED USER INTERFACE FOR SPECIFYING A PARAMETER MAPPING 
[0038] FIGS. 3 A and 3B depict a generalized user interface that may be used for 
specifying a mapping between page parameters and portlet parameters. The fields and labels 
are described with reference to the structures depicted on FIG. 2. 

[0039] According to one embodiment, a page designer uses a GUI to create the parameter 
mapping 141 . For example, entry field 302 A allows a page designer to enter a page 
parameter's variable name, such as "prod". When a page designer enters a page parameter's 
variable name into entry field 3 02 A and clicks on the "Add" button, the page parameter 
appears at display label 302B. For example, display label 302B displays "prod". 
[0040] Entry field 306 allows a page designer to assign a default value to a page 
parameter. For example, a value of 96 may be used as the page parameter default value 96 
for the page parameter "prod". 

[0041] Display label 304 displays a portlet parameter's variable name, such as "product" 
for "Bugs Portlet 2". Entry field 302C allows a page designer to enter a page parameter's 
variable name in order to map the portlet parameter, displayed at label 304, to the page 
parameter. For example, the page designer may enter the variable name "prod", thus, 
mapping the portlet parameter "product" to the page parameter "prod". 
[0042] Control 308A provides a list of choices to a page designer for creating the 
mapping. The item the page designer selects from the list is used in the entry field 308B. 
For example, if the page designer clicks on control 308 A, the page designer may see a list 
comprising "constant", "system variable", or "page parameter". If the page designer selects 
"page parameter", then "page parameter" appears in entry field 308B. 
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[0043] Similarly, display label 310 displays another portlet parameter's variable name, 
"prod-id". Entry field 312 allows the page designer to enter a page parameter's variable 
name, thus, mapping the page parameter "prod" to the portlet parameter "prod-id". 

PASSING EVENTS FROM PORTLETS TO PAGES 
[0044] FIG. 4 is a block diagram illustrating an overview of how events may be passed 
from portlets to page logic. FIG. 4 depicts a source page ("My Bugs Page") with two portlets 
("Bugs Portlet 1" and "Bugs Portlet 2") that are associated with the page, portlet parameters 
(prod-id, product, status), three events, of which "show" is one, an event output parameter, 
(rptno), three target pages ("Show Bug Page", "Edit Bug Page", and "Component Bugs 
Page"), and page parameters (c_rptno, rptno, prod_id, and comp). The source page has logic 
to inspect a mapping from events to actions. The action to which an event is mapped may be, 
for example, invoking a target page. For example, "My Bugs Page" has logic to inspect a 
mapping to determine that the event "Show" maps to the action of invoking the target page 
"Show Bug Page", and that the event output parameter "rptno" maps to the page parameter 
"c_rptno". 

GENERALIZED USER INTERFACE FOR SPECIFYING AN EVENT-TO- ACTION 

MAPPING 

[0045] FIG 5 depicts a generalized user interface that may be used for specifying an 
event-to-action mapping. The fields and labels are described with reference to the structures 
depicted on FIG. 4. 

[0046] According to one embodiment, a web designer uses a GUI to create the event 
mapping 142. For example, display field 502 displays the event output parameter, such as 
"rptno", from an event, such as "show". 
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[0047] Entry field 504 allows a page designer to enter the name of a target page. For 
example, the page designer may enter the name of the "Show Bug Page". Display field 506 
allows the page designer to specify that a page parameter be assigned the value from an event 
output parameter. For example, "c_rptno", which is the page parameter for the "Show Bug 
Page", is mapped to "rptno", which is the event output parameter for the event "Show". 

AN OPERATIONAL EXAMPLE FOR SPECIFYING AND USING A PARAMETER 

MAPPING 

[0048] For the purposes of explanation, this operational example refers to the structures 
depicted in FIG. 1. In registering portlets with the portlet and mapping repository 140, a 
portlet repository 143 is created and information associated with the registered portlets is 
stored in the portlet repository 143. For example, an administrator may enter a registration 
command, which causes provider 120A to register portlets A, B, and C with the portlet and 
mapping repository 140. The information associated with the portlets is uploaded to the 
portlet repository 143. For example, information is stored into portlet repository 143 
reflecting that portlet parameter portA_pl is associated with portlet A, portlet parameter 
portBj)l is associated with portlet B, and URLC and portlet parameter portC _pl are 
associated with portlet C. 

[0049] According to one embodiment, the information associated with portlets is 
communicated to the portlet repository 143 in the form of an XML document. For example, 
an XML document containing information indicating that portB_pl is associated with portlet 
B may be transmitted to the portlet repository 143 when an administrator registers portlet B. 
[0050] A page designer builds pages that include one or more components, which are 
associated with portlets such as portlets A, B, and C. In building the pages, mappings, such 
as parameter mapping 141, are created. For example, while a page designer is building page 
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A, the page designer uses the portlet and mapping repository 140 to provide a list of portlets 
that have previously been registered. The page designer may use a GUI, as already described 
herein, to display a list comprising portlets A, B, and C. The page designer may choose to 
build a page that includes components generated by one or more portlets from this list. 
[0051] Assuming that the page designer chooses portlets A and B to build page A with, 
the GUI allows the page designer to map the portlet parameters associated with portlets A 
and B to the page parameters associated with page A. Data reflecting this mapping is stored 
in the parameter mapping 141 . For example, the page designer may choose to map 
pageA_pl to portA_pl and pageAjpl to portB_pl. 

[0052] When a user requests to display page A, the value associated with pageA_pl is 
assigned to both portA_pl and portB __pl when rendering the components associated with 
portlets A and B. 

AN OPERATIONAL EXAMPLE FOR SPECIFYING AND USING AN EVENT-TO- 
ACTION MAPPING 

[0053] For the purposes of explanation, this operational example refers to the structures 
depicted in FIG. 1 . As already described herein, the page designer may request a list of 
portlets that have been registered and choose the portlets to build a page with. For example, 
the page designer may use a GUI, as already described herein, to display a list comprising 
portlets A, B, and C. The page designer may choose one or more portlets from this list to 
build page B with. For example, assume the page designer chooses to build page B with 
portlet B and to build page C with portlet C. Further, the page designer may want to indicate 
that page B is invoked as a result of a user manipulating the component associated with 
portlet C. The manipulation of the component may result in a request for page C where the 
request specifies a URL, such as URLC. 
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[0054] According to one embodiment, the page designer may map an event, which is 
raised as a result of manipulating a control associated with a URL, such as URLC, to an 
action. In this example, the action is the invocation of a target page, such as page B. Further, 
event output parameters, which are associated with the raised event, may be mapped to page 
parameters of the target page. When a page designer maps events to the invocation of target 
pages and event output parameters to page parameters, data is stored in the event mapping 
142. For example, data is stored mapping URLC to eventC and eventC to the invocation of 
page B. Further, data is stored mapping event output parameter eventC_pl to page parameter 
pageB_pl. According to one embodiment, the page designer may use a GUI, as already 
described herein, to create the event mapping 142. 

[0055] When a user manipulates a control associated with URLC, a request is passed to 
page C. The logic associated with page C intercepts the request, inspects the event mapping 
142 and determines that the URLC maps to eventC. 

[0056] According to one embodiment, a new URL is built that specifies a target page, 
such as page B, and maps event output parameters, such as eventC_pl, to the page 
parameters, such as pageB _pl . The new URL is used to invoke the target page and pass the 
value associated with the event output parameter to the target parameter of the target page. 
For example, if eventC_pl has a value of 56, the new URL may specify a parameter 
"pageB_pl=56", thus, passing the value 56 from eventC _pl to pageB_pl. 
[0057] According to one embodiment, the target page may use techniques already 
described herein to communicate the value of a page parameter to one or more components 
associated with the target page. For example, when page B receives the new URL, which 
specifies the parameter "pageB_pl=56", the logic associated with page B may assign the 
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value of 56 to the portlet parameters that map to page parameter pageB_pl , as already 
described in the parameter embodiment. 

[0058] According to one embodiment, the target service is executable code and the action 
is the invocation of the executable code. For example, the new URL may be used to invoke a 
web service or a JAVA method. 

CONCLUSION 

[0059] The architecture and processes described herein provide for communications 
between web pages and components associated with web pages. The parameter mapping 
maps page parameters to portlet parameters, allowing the page designer to configure 
components associated with a particular page to use a particular value, thus, synchronizing 
the display of the components of a page. 

[0060] The event mapping maps events generated by components of source pages to 
actions, and event output parameters to target parameters, enabling the source page to build a 
new URL that results in performing the action. The new URL specifies one or more 
parameters, thus, providing a mechanism for assigning a value from an event output 
parameter associated with the event to a target parameter. Thus, the problem of components 
having static URLs is eliminated. 

[0061] Thus, portlets may be reused in building many different pages, cutting the cost 
and the time involved in developing applications. Additionally, usability is increased. Users 
no longer need to perform portlet level customization. Since the values of page parameters, 
portlet parameters and/or event output parameters may be stored in non- volatile memory, 
users do not need to re-enter a user specified customization, such as a user specified URL, to 
view desired information or to perform desired actions again. Further, a target page can be 
bookmarked resulting in greater usability. 
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HARDWARE OVERVIEW 
[0062] Figure 6 is a block diagram that illustrates a computer system 600 upon which an 
embodiment of the invention may be implemented. Computer system 600 includes a bus 602 
or other communication mechanism for communicating information, and a processor 604 
coupled with bus 602 for processing information. Computer system 600 also includes a main 
memory 606, such as a random access memory (RAM) or other dynamic storage device, 
coupled to bus 602 for storing information and instructions to be executed by processor 604. 
Main memory 606 also may be used for storing temporary variables or other intermediate 
information during execution of instructions to be executed by processor 604. Computer 
system 600 further includes a read only memory (ROM) 608 or other static storage device 
coupled to bus 602 for storing static information and instructions for processor 604. A 
storage device 610, such as a magnetic disk or optical disk, is provided and coupled to bus 
602 for storing information and instructions. 

[0063] Computer system 600 may be coupled via bus 602 to a display 612, such as a 
cathode ray tube (CRT), for displaying information to a computer user. An input device 614, 
including alphanumeric and other keys, is coupled to bus 602 for communicating information 
and command selections to processor 604. Another type of user input device is cursor 
control 616, such as a mouse, a trackball, or cursor direction keys for communicating 
direction information and command selections to processor 604 and for controlling cursor 
movement on display 612. This input device typically has two degrees of freedom in two 
axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the device to specify 
positions in a plane. 

[0064] The invention is related to the use of computer system 600 for implementing the 
techniques described herein. According to one embodiment of the invention, those 
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techniques are performed by computer system 600 in response to processor 604 executing 
one or more sequences of one or more instructions contained in main memory 606. Such 
instructions may be read into main memory 606 from another computer-readable medium, 
such as storage device 610. Execution of the sequences of instructions contained in main 
memory 606 causes processor 604 to perform the process steps described herein. In 
alternative embodiments, hard-wired circuitry may be used in place of or in combination with 
software instructions to implement the invention. Thus, embodiments of the invention are 
not limited to any specific combination of hardware circuitry and software. 
[0065] The term "computer-readable medium" as used herein refers to any medium that 
participates in providing instructions to processor 604 for execution. Such a medium may 
take many forms, including but not limited to, non- volatile media, volatile media, and 
transmission media. Non-volatile media includes, for example, optical or magnetic disks, 
such as storage device 610. Volatile media includes dynamic memory, such as main memory 
606. Transmission media includes coaxial cables, copper wire and fiber optics, including the 
wires that comprise bus 602. Transmission media can also take the form of acoustic or light 
waves, such as those generated during radio-wave and infra-red data communications. 
[0066] Common forms of computer-readable media include, for example, a floppy disk, a 
flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other 
optical medium, punchcards, papertape, any other physical medium with patterns of holes, a 
RAM, a PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a 
carrier wave as described hereinafter, or any other medium from which a computer can read. 
[0067] Various forms of computer readable media may be involved in carrying one or 
more sequences of one or more instructions to processor 604 for execution. For example, the 
instructions may initially be carried on a magnetic disk of a remote computer. The remote 
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computer can load the instructions into its dynamic memory and send the instructions over a 
telephone line using a modem. A modem local to computer system 600 can receive the data 
on the telephone line and use an infra-red transmitter to convert the data to an infra-red 
signal. An infra-red detector can receive the data carried in the infra-red signal and 
appropriate circuitry can place the data on bus 602. Bus 602 carries the data to main memory 
606, from which processor 604 retrieves and executes the instructions. The instructions 
received by main memory 606 may optionally be stored on storage device 610 either before 
or after execution by processor 604. 

[0068] Computer system 600 also includes a communication interface 618 coupled to bus 
602. Communication interface 618 provides a two-way data communication coupling to a 
network link 620 that is connected to a local network 622. For example, communication 
interface 618 may be an integrated services digital network (ISDN) card or a modem to 
provide a data communication connection to a corresponding type of telephone line. As 
another example, communication interface 618 may be a local area network (LAN) card to 
provide a data communication connection to a compatible LAN. Wireless links may also be 
implemented. In any such implementation, communication interface 618 sends and receives 
electrical, electromagnetic or optical signals that carry digital data streams representing 
various types of information. 

[0069] Network link 620 typically provides data communication through one or more 
networks to other data devices. For example, network link 620 may provide a connection 
through local network 622 to a host computer 624 or to data equipment operated by an 
Internet Service Provider (ISP) 626. ISP 626 in turn provides data communication services 
through the world wide packet data communication network now commonly referred to as 
the "Internet" 628. Local network 622 and Internet 628 both use electrical, electromagnetic 
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or optical signals that carry digital data streams. The signals through the various networks 
and the signals on network link 620 and through communication interface 618, which carry 
the digital data to and from computer system 600, are exemplary forms of carrier waves 
transporting the information. 

[0070] Computer system 600 can send messages and receive data, including program 
code, through the network(s), network link 620 and communication interface 618. In the 
Internet example, a server 630 might transmit a requested code for an application program 
through Internet 628, ISP 626, local network 622 and communication interface 618. 
[0071] The received code may be executed by processor 604 as it is received, and/or 
stored in storage device 610, or other non- volatile storage for later execution. In this manner, 
computer system 600 may obtain application code in the form of a carrier wave. 
[0072] In the foregoing specification, embodiments of the invention have been described 
with reference to numerous specific details that may vary from implementation to 
implementation. Thus, the sole and exclusive indicator of what is the invention, and is 
intended by the applicants to be the invention, is the set of claims that issue from this 
application, in the specific form in which such claims issue, including any subsequent 
correction. Any definitions expressly set forth herein for terms contained in such claims shall 
govern the meaning of such terms as used in the claims. Hence, no limitation, element, 
property, feature, advantage or attribute that is not expressly recited in a claim should limit 
the scope of such claim in any way. The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. 
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